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Abstract 
Introduction:  The use of computed tomography (CT) imaging of the cervical spine (CS) is now 
the recommended primary screening modality for suspected CS injuries following trauma. The 
aim of this audit is to review the appropriate use of CS CT imaging in the emergency department 
(ED) and assess compliance with the National Institute for Health and Care Excellence (NICE) 
head injury clinical guidelines. 
Methods: Charts were reviewed for the last 50 trauma patients to receive a CS CT scan 
following a request from the ED at University Hospital Limerick between 10 July 2013 and 19 
December 2013. The NICE clinical guideline 176 on head injury was used as the standard of 
care. These data were used to perform a retrospective audit to assess patients who satisfied 
NICE criteria to qualify for a CS CT scan. 
Results: 45 patients who had undergone a CS CT scan were identified, this group had a mean 
age of 42 years and 71% of them were male. At least one of the NICE guideline criteria was 
fulfilled in 100% of patients who had a CS CT, with 2.64 of the criteria fulfilled on average. 
Plain-film X-ray radiography (PF) was inadequate for diagnosis in 20 (44.4%) patients. 
Discussion: ED consultants appropriately refer patients for CS CT scans following CS trauma 
and adhere to NICE head injury clinical guidelines. 
Conclusion: Having guidelines in place in the ED and adopting CS CT imaging as an initial 
screening modality following CS injury may reduce time to definitive care and improve resource 
implications. 
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Introduction 
Injury to the cervical spine (CS) is common 
after major trauma1 with an incidence of 2–
4%.2 A missed CS fracture as a consequence 
of inadequate imaging has the potential for 
significant morbidity and litigation costs for 
the hospital.2 Plain-film X-ray radiography 
(PF) is  inadequate in visualizing the 
complete CS in a large proportion of 
patients3 and a standard CS PF image fails to 
identify all patients with CS injuries.4 As a 
minimum, computed tomography (CT) 
should be performed if there is any concern 
from the PF or on clinical grounds.5 The 
Eastern Association for the Surgery of 
Trauma has published practice management 
guidelines for the screening of suspected CS 
injury following trauma. They recommend 
CS CT imaging should replace PF imaging 
as the primary imaging modality. This 
should include axial images from the occiput 
to thoracic vertebra T1 with sagittal and 
coronal reconstructions in order to provide 
increased definition that would allow 
radiology to exclude significant spinal 
injury.1 The National Institute for Health 
and Care Excellence (NICE) recently 
updated their head injury clinical guidelines 
in January 2014, which helps to identify 
patients who require CS CT imaging 
following admission to the emergency 
department (ED) with trauma to the CS.5 
The purpose of this audit is to assess the 
appropriate use of imaging resources (CS PF 
and CS CT imaging) in the ED of University 
Hospital Limerick (UHL). This is the 
regional trauma centre, receiving an average 
of 60 000 new patients per year. The NICE 
clinical guideline 176 on head injury was 
used as the standard of care. 
The primary outcome was to assess 
compliance with the clinical guidelines for 
the use of CS CT imaging in the ED. 
Secondary outcomes included potential 
medical implications for the patient (e.g. 
missed diagnosis and radiation dose) and the 
balance between clinical care and 
appropriate resource utilization in the 
hospital.  
Methods 
A retrospective audit was conducted on 50 
patients who received a CS CT scan 
(Siemens SOMATOM Sensation 64 Slice) 
following a request from the ED made 
between 10 July 2013 and 19 December 
2013. The National Integrated Medical 
Imaging System (NIMIS), a computer-based 
system for storing and examining imaging 
scans, was searched for the last 50 requests 
for CS CT imaging. Inclusion criteria 
consisted of all CS CT imaging requests 
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made through the ED, by ED consultants. 
Exclusion criteria comprised requests made 
by non-ED staff; consequently 5 requests 
were excluded for the purpose of this audit. 
UHL uses the ADOS computerized 
document management system for 
processing, indexing, storing, and managing 
patients’ ED charts. These were reviewed to 
assess for risk factors based on the NICE 
guidelines.5 These state that a CS CT scan 
should be performed in adults who have 
sustained a head injury within 1 hour of a 
risk factor being identified (Table 1).  
Additionally, patients’ PF scans were 
interpreted by the ED consultant and 
radiologist. 
 
Table 1: Risk Factors that would indicate CT 
Head 
Results 
Forty-five patients were included with a 
mean age of 42 years (range: 2–87). 32 
(71.1%) were male and 13 (28.9%) were 
female (Table 2). At least one of the NICE 
criteria was fulfilled in all 45 patients who 
underwent a CS CT scan (Figure 1). On 
average, 2.64 of the criteria were fulfilled 
with 27 (60.0%) patients identified as having 
at least 3 or more criteria (Figure 2). PF 
scans were inadequate for diagnosis in 20 
(44.4%) patients. Of the trauma 
mechanisms, 23 (51.1%) were road traffic 
accidents, 18 (40.0%) were falls, and the 
remaining 4 (8.9%) had other causes. The 
median GCS on initial evaluation in the ED 
was 14.5 (range: 3–15).  
Table 2. Age and sex distribution of the 45 
trauma patients 
Sex 
Age 
0–18   
(n) 
Age 
19–25 
(n) 
Age 
26–55 
(n) 
Age 
56–65 
(n) 
Age 
> 65   
(n) 
Males 5 4 12 6 5 
Females 5 2 2 1 3 
 
 
 
 
 
 
 
 
 
 
 
 
 Glasgow Coma Scale (GCS) score < 13 on initial assessment; the 
GCS is a scale of consciousness for the evaluation of head 
trauma6  
 The patient has been intubated 
 PF images are technically inadequate 
 PF images are suspicious or definitely abnormal 
 A definitive diagnosis of CS injury is needed urgently 
 The patient is having other areas of the body scanned for head 
injury or multiregion trauma 
 The patient is alert and stable, there is clinical suspicion of CS 
injury, and any of the following apply: 
o Age 65 years or older 
o Dangerous mechanism of injury (fall from a height of 
greater than 1 m or 5 stairs, axial load to the head, high-
speed motor vehicle collision, rollover motor accident, 
ejection from a motor vehicle, accident involving motorized 
recreational vehicles, bicycle collision) 
o Focal peripheral neurological deficit 
o Paraesthesia in the upper or lower limbs. 
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Figure 1. Graphical representation of the number of patients positive for each of the risk factors listed in 
the NICE head injury criteria for CS CT imaging following trauma 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Graphical representation of the number 
of positive risk factors for each patient from the 
NICE head injury guidelines required for CS CT 
imaging 
 
Discussion 
This audit found that ED consultants were 
appropriately referring patients for CS CT 
scans based on the history, physical 
examination, and PF results. This is in 
compliance with the NICE clinical 
guidelines for the use of CS CT in the ED 
following CS injury. 5  
The literature has shown PF imaging to be 
inadequate for visualizing the complete CS 
in a large proportion of patients,3 which can 
lead to clinically significant fractures being 
missed.7 We found similar results in this 
audit with CS PF images insufficiently 
visualizing the complete CS in 44.4% of 
cases, with injuries at the cervical–thoracic 
junction most commonly missed. The 
literature in this area has found CT to be 
superior to PF imaging in the detection of 
CS injuries4,8 and 64-slice CT scans may be 
sufficient to safely clear significant CS 
injury.9 Recommendations have included the 
use of CT as an initial screening test in those 
with a very high risk of CS injury (patients 
with altered mental status or those requiring 
admission to the intensive care unit). 
However, CT may not be warranted in those 
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at low risk (minor trauma)4,8 due to negative 
consequences such as radiation exposure 
and cost.  
CS CT scans deliver a significantly higher 
radiation dose in comparison to CS PF 
scans (26 mSv vs 4 mSv respectively).10 
However, when a CT scan is justified by 
medical need, the associated diagnostic 
benefits outweigh the radiologic exposure 
risk.11 In terms of cost efficiency to the 
hospital, CS PF is cheaper than CS CT 
scanning (US$120 vs US$329). However, 
once litigation costs were included for 
paralysis as a result of missed injury, the 
values were reversed (US$2022 for CS PF 
compared with US$553 for CS CT).12 
Antevil et al.10 also found that while the 
mean overall charges were greater for spinal 
CT imaging, there was a similar mean 
overall spinal imaging cost per patient.  
A similar audit performed in New Zealand 
by Ball and Watson2 assessed the 
appropriateness of CT imaging of the CS in 
the ED for intubated trauma patients. They 
found their management was also in 
accordance with the NICE head injury 
criteria, suggesting that guidelines may 
reduce time to definitive care. We agree with 
this statement since most patients reviewed 
in our ED also received prior PF imaging, 
which may have missed a definitive 
diagnosis picked up by CT and thus delayed 
treatment. Furthermore, the addition of 
unnecessary PF scans would burden hospital 
resources, as patients have been found to 
spend more time in the radiology 
department for a CS PF scan in comparison 
with a CS CT,10,13 which could have been 
avoided had specific guidelines already been 
in place.  
Additional guidelines have been 
documented in the literature to try and 
influence decision making in regard to the 
imaging modalities most relevant for 
diagnosis of injury. Kobaki et al.14 assessed 
the efficacy of Goergen’s guidelines, which 
are widely used in Australia. They classify 
trauma patients into low, medium, or high 
risk, and identify the most appropriate 
imaging for each case. The authors found 
significance in the predictive power of 
Goergen’s guidelines in detecting significant 
CS injury, which can rationalize the use of 
CT scanning only for patients who will 
benefit from it. Blackmore et al.15 used a 
fracture risk percentage intended to help 
influence CS imaging decision making at the 
initial patient presentation in the ED. To 
estimate the risk of CS fracture, a clinical 
prediction rule was used along with 
predictors including age, mechanism of 
injury, obvious head or facial injury, and loss 
of consciousness. With this, they found that 
CT is cost effective in moderate- to high-
risk patients whose anticipated CS fracture 
risk was 4.2–11.2%.  
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Only patients who underwent a CS CT scan 
were selected for this audit, leading to a 
limitation involving the uncertainty of the 
proportion of patients who would have 
fulfilled the NICE criteria but were not 
imaged.  
Conclusion 
In this audit, 100% of patients fulfilled the 
NICE criteria for CS CT imaging following 
trauma to the CS. The literature shows that 
CS CT is overtaking CS PF imaging as the 
primary modality of screening for suspected 
CS injuries due to its increased sensitivity, 
cost effectiveness, and time efficiency. EDs 
in the United Kingdom widely adopt the 
NICE head injury criteria but its use in 
Ireland is variable, with most EDs adopting 
local policies. It would therefore be 
beneficial for our ED and others alike to 
adopt guidelines regarding the use of CS CT 
imaging as an initial screening tool in 
suspected CS injuries. 
 
Learning points 
What is already known 
 CS CT is overtaking PF imaging as the primary modality of choice for the imaging 
of head and neck injuries. 
 The sensitivity of CS CT imaging is far greater than that of CS PF imaging. 
 CS CT is more time efficient than CS PF. 
What this study adds 
 All patients sent for CS CT imaging in the ED fulfilled at least one criterion of the 
NICE guidelines for imaging of the CS following trauma. 
 Adding to the literature, CS PF is inadequate for the complete visualization of the 
CS in a large proportion of cases. 
 Having guidelines in place that specify which imaging technique is to be performed 
for CS trauma in the ED may reduce time to definitive care and hospital resources. 
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